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Use of lipoic acid for improving the bioavailability of mineral 
salts 

5 The present invention relates to the use of ct-lipoic acid or 
a-dihydrolipoic acid for increasing the bioavailability of 
mineral salts, the use of o-lipoic acid or a-<iihydro lipoic acid 
in combination with metal salts, in particular the use of metal 
a-lipoates, metal a-<iihydrolipoates or metal-o-lipoic acid 
10 complexes, in particular in mineral preparations or drugs and the 
metal a-lipoates, metal a-dihydrolipoates or metal-cx-lipoic acid 
complexes themselves. 

Minerals are the constituents of plant and animal tissues which 
15 remain as ash in combustion- Depending on the content of the 
individual elements, minerals are classified as major elements, 
for example Ca, P, K, Cl, Na, Mg, or as trace elements, for 
example Fe, Zn, Cu, Mn, V, Se, Mn, I, Sn, Si, Mo, Cr, Co. 

20 The metallic minerals are absorbed by human or animal organisms 
as cations, generally as mineral salts together with inorganic 
anions. The essential metallic minerals having a known biological 
function in the organism have very varied functions in the 
organism, for example as electrolytes, constituents of enzymes or 

25 as building blocks of certain bodily substances. 

Mineral salts for supplementation or therapy of mineral 
deficiencies in human or animal, organisms should have as high a 
bioavailability as possible. 

30 it is known that it is possible to increase the bioavailability 
of zinc salts over ZnS0 4 by completing with proteinate 
(B.A. Reiling et al., J. of Animal Science 70 (1992), Supplement 
1, 84th Annual Meeting, Abstract 649). 

It is also known that completing or salt formation of zinc salts 
with methionine leads to an increased bioavailability of Zn** in 
chickens (Wedekind, J. Anim. Sci. 70 (1992), p. 178). 

40 in contrast, it has been found in the pig model that the 

bioavailability of the organic salts of zinc with methionine or 
lysine is poorer than that of the inorganic ZnS0 4 -H 2 0 (Wedekind 
et al., J- Anim. Sci. 72 (1994), pp. 2681 to 2689). 

45 Other studies with ZnCl 2 , ZnMet and zinc propionate found roughly 
comparable bioavailability of Zn^ from organic or inorganic 
sources (Beutler et al., Biological Trace Element research, 
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61 (1998), page 19), even though Rojas et al. found a slightly 
increased bioavailability of the organic 2inc salts ZnMet or 
ZnLys compared with ZnS0 4 in sheep (J- Anim. Sci. 73 (1995), 
pp. 1202 to 1207 ) . 

5 

For citric acid, a positive effect on Zn bioavailability is 
described- Thus, in growing rats with a suboptimal alimentary Zn 
supply, by adding 1% citric acid to phytic-acid-rich 
corn-germ-based diets, a moderate improvement in 3n status 
10 (plasma Zn concentration, alkaline phosphatase activity, 
metallothioneine concentration in the jejunum) is achieved 
(Pallauf et al., Z. Ernahrungswiss . 29 (1990), pages 27 to 38). 

Comparable positive effects of citric acid on Zn utilization have 
15 also been found in pigs (Pallauf et al-, J. Anim- Physiol, a. 
Anim. Nutr- 71 (1994), pages 189 to 199). 

Ascorbic acid increases the bioavailability of inorganic iron 
(Hallberg et al., Hum. Nutr. Appl. Nutr. 40A (1986), 97 to 113). 
20 in contrast thereto, ascorbic acid does not change the 

bioavailability of dietary zinc, or changes it only very slightly 
(Sandstrom and Lederblad, Int. J- Vitamin Nutr- Res. 57 (1987), 
87 to 90, Solmons et al., Am. J- Clin. Nutr. 32 (1979), 2495 to 
2499) . 

" The results of previous studies on the effects of oxalic acid 

(Kelsay et al., Am. J. Clin. Kutr. 31 (1983), 1198 to 1203; Welch 
et al , J. Nutr. 107 (1977), 929 to 933), and picolinic acid 
(Schwarz et al., Res. Exp. Med. 182 (1983), 39 to 48; Seal et 

30 al J Nutr. 115 (1985), 986 to 993), on Zn bioavailability are 
not uniform and do not permit any clear conclusions to be drawn. 

The metal complexes or salts or mineral salts and organic 
chelators used in the prior art thus lead to increased 
35 bioavailability only within limitations, so that there is a great 
need for novel compounds and novel organic chelators or salts 
which lead to increased bioavailability of mineral cations, 
compared with the inorganic mineral salts. 

40 It is an object of the present invention, therefore to provide 
novel organic chelators and complexing agents or salt-forming 
agents and novel organic mineral compounds which have an 
increased bioavailability compared with the inorganic mineral 
salts, fewer disadvantages than the prior art and further 

45 advantages. 
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We have found that this object is achieved by using a-lipoic acid 
or a-dihydrolipoic acid to increase the bioavailability of 
mineral salts. 

5 For the purposes of the present invention, the bioavailability of 
a compound is 

the proportion of a compound which, after oral administration, is 
absorbed in the intestine and appears via the liver unchanged in 
10 the blood circulation or 

the intestinal digestion and absorption of a compound, that is 
the apparent absorption or, taking into account the endogenous 
losses, the true absorption, in which case, when the true 

15 absorption versus the apparent absorption is determined, account 
is taken of the amount of a compound which has already been 
absorbed at an earlier time point and is excreted via secretion 
mechanisms and intestinal sloughing (endogenous losses) and is 
also excreted with the feces, or after correction for renal 

20 excretion a balance is determined or 

a sequence of metabolic events which, in addition to digestion, 
solubility, absorption and distribution comprises organ uptake 
and release and enzymatic transformation, secretion mechanisms 
25 and excretion mechanisms and can thus adopt metabolic functions, 
in the form of cofactors for enzymes and hormones and 
stabilization of membrane lipid and structural proteins, which 
mean, for example, that enzymatic activities are increased or 



30 the accumu 



lation of a compound in organs such as liver and bones. 

For the purposes of the present invention, an increased 
bioavailability of a mineral salt is an improvement in at least 
one of the abovedescribed bioavailability parameters, compared 
35 with an inorganic mineral salt, for example a sulfate or halide. 

For the purposes of the present invention, o-lipoic acid is 
racemic a-lipoic acid or a-lipoates or enantiomer ically pure (R)- 
or (S)-o-lipoic acid or (R)- or ( S )-o-lipoates , a-dihydrolipoic 
40 acid is racemic a-dihydrolipoic acid or a^iihydrolipoates or 

enantiomerically pure (R)— or ( S )-^_dihydrolipoic acid or (R)- or 
( s)-cx-dihydrolipoates . 

"RacemiC'is not only a 1:1 mixture of the two enantiomers but 
45 also enriched enantiomers which can occur in different ratios, 
for example in a ratio of 99:1- 
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in a preferred embodiment, the bioavailability of mineral salts 
is increased by using at least one mineral salt in combination 
with a-lipoic acid or a-dihydrolipoic acid. 

5 Mineral salts are salts of physiologically acceptable monovalent 
to trivalent metals. 

Preferred mineral salts whose bioavailability is increased in 
^nation with a-lipoic acid or a-^ihydrolipoic acid are 
10 mineral salts of the formula I, 

<M) n (B)m * 



where 

15 



is a monovalent to trivalent physiologically acceptable metal 
cation, 

monovalent to trivalent physiologically acceptable 



B is a 

20 anion, 

n is 1, 2 or 3 and 

m is 1, 2 or 3, 



25 „„ere the ^scripts n - corr..^ Md ^ 

equalization of the mineral salt of the formula 1. 

0^1010,^11, ^^ e z7^zvv:TX^ 

Co 2+ or Hi 2 *. 

Preferred physiologically acceptable monovalent to «i«l.nt 
a-dihydrolipoate described below. 

The combined use of at least one mineral ^ 
45 a-lipoic acid or a^ihydrolipoic acid increases 
bioavailability of the mineral salt. 
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For the purposes of the present invention, combination is taken 
to mean the simultaneous administration, or administration offset 
in time and/or space of at least one mineral salt and a-lipoic 
acid or a-dihydrolipoic acid. For example, at least one mineral 
5 salt and a-lipoic acid or a-dihydrolipoic acid can be 

administered together in one formulation, for example a mineral 
preparation or a drug preparation. 

In a particularly preferred embodiment, a-lipoic acid, in 
10 particular (R)-c-lipoic acid is used in the abovedescribed 

combination with mineral salts, preferably mineral salts of the 
formula I. 

The invention also relates to a preparation, in particular a 
15 mineral preparation or a drug preparation, comprising at least 
one mineral salt and (R)-a-lipoic acid or (S)-o-lipoic acid, 
preferably (R)-a-lipoic acid. Preferably, the proportion of the 
one enantiomer in the presence of the other enantiomer is at 
least 7 0 mol%, in comparison with the other enantiomer. 

20 

A mineral preparation can, for example, comprise other mineral 
salts, formulation aids and may or may not also comprise vitamins 
or vitamin mixtures. 

25 A drug preparation can comprise, for example, further active 

ingredients and aids, for example fillers, preservatives, tablet 
disintegrants, flow controllers, softeners, wetting agents, 
dispersants, emulsifiers, solvents, retarding agents or 
antioxidants (cf. H . Sucker et al.,: Pharmazeutische Technology 

30 [Pharmaceutical Technology], Thieme-Verlag, Stuttgart, 1991). 

The amounts in which the a-lipoic acid or a-dihydrolipoic acid is 
used in relation to a mineral salt are not critical and depend on 
the physiologically acceptable amount. Typically, the a-lipoic 
35 acid or a-dihydrolipoic acid is used in a molar ratio to a 
mineral salt of from 0.1:1 to 1000:1. 

In a preferred embodiment, metal a-lipoates, metal 
a-dihydrolipoates or metal-ct-lipoic acid complexes are used 
40 directly as combination, that is to say as mineral salt with 
increased bioavailability. 

These compounds have an increased bioavailability. 

45 These compounds have the further advantage that the metallic " 
mineral and the therapeutically valauble lipoic acid are present 
in one formulation. These compounds are therefore particularly 
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useful as space-saving ingredients in cosmetic formulations, in 
drug formulations and in formulations of feed and food 
supplements, in particular in solid administration forms. 

5 In a preferred embodiment, the metal a-lipoates, metal 

a-dihydrolipoates or metal-a-lipoic acid complexes of the formula 
II can be used as minerals having an increased bioavailability, 

(M) w (Lp) x (A) y (H 2 0) z II 



M is a monovalent to trivalent physiologically acceptable metal 
cation or a mixture of monovalent to trivalent 
; physiologically acceptable metal cations, 

Lp is racemic a-lipoic acid or cx-<Iihydrolipoic acid, (R)- or 
(S)^x-lipoic acid or (R)- or ( S)-a-<iihydrolipoic acxd, 
racemic a-lipoate or dihydro-^-lipoate or (R)- or 
, (S)-a-lipoate or (R)- or ( S )-<lihydrc-a-lipoate , 

A is a physiologically acceptable monovalent or divalent anion, 



s 1 or 2 

s 1, 2, 3 or 4, 

s o, 1, 2 or 3 and 



> z is 0, 1, 2, 3, 4, 

where the subscripts 
charge equalization. 



x and y correspond to the valency and 



35 Preferred physiologically acceptable monovalent to trivalent 
metal cations M are, as described above, the essential metal 
cations, for example Na^, K+, Mg**, Ca'*. Fe**. Fe>% Sn* Zn* 
Cu2 + , Mn2-, Mn**, Cr^, Ho>+ , Co*+ or Ni^, in particular Zn* ,Mg* , 
Fe 2+ , Fe 3+ , Ca2 + , Mn 3+ or Cr3 + . 

40 a-Lipoic acid or its reduced form, a-^ihydrolipoic acid enter, 
into salt-like ionic bonds and/or coordinate bonds via the 
carboxyl oxygen or the closed or open disulfide unit together 
with metals as anions (c^-lipoatei single negative charge 

45 iShydrolipoate: single or double negative charge) a-Li P oic : acid 
or^ihydrolipoic acid can also have -ordinate bonds to metal 
cations as a neutral molecule. They can be used either as 
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racemate or else as enantiomerically pure in the (R)- or 
(S)-form. 

Preferred physiologically acceptable monovalent to divalent 
5 anions A are, for example, inorganic anions, in particular 

halides, such as F- or C1-, chalcogenides , for example 0 2 ~ or the 
anions N0 3 -, S0 4 2 ", C0 3 2 ~, HC0 3 ~, HP0 4 2 ", H 2 P0 4 - or the organic 
anions ascorbate, oxalate, citrate, gluconate, picolinate, 
aspartate, histidinate, saccharate, orotate, lactobionate, 
10 lactate, fumarate, formate, acetate, glucobionate or 
glucocephate. 

In the compounds of the formula II, up to 6 molecules of water 
may be bound by coordinate bonds, preferably up to 4 molelcules 
15 of water, in particular up to two molecules of water. 

in preferred compounds of the formula II, the remainder of L P 
used are a-lipoates, in particular (R)-a-lipoates and the content 
of other anions A is 0 ( y = 0 ) - In this preferred embodiment, the 
20 subscripts w and x correspond to the valency and charge 
equalization of the compounds of the formula II. 

It can be advantageous to use the compounds of the formula II in 
combination with a-lipoic acid or a^ihydrolipoic acid, for 
25 example to further increase the bioavailability. 

The invention therefore further relates to a preparation 
comprising compounds of the formula II, preferably compounds of 
the formula II', and a-lipoic acid or «-<Jihydro lipoic acid. 

30 Siegel et al., describe, in a structural study, binary complexes 
of Mn Cu, zn, Cd and Pb with racemic and (R)- and (S)-lipoates 
(Archives of Biochemistry and Biophysics 187 (1978), pages 208 to 
214; Angew. Chem. 94 (1982), 421-432). 

32 P R. Brown et al., describe, in further structural studies, a 
binary complex of Hg with racemic a-lipoic acid, with the lipoic 
acid being bound by coordination as a neutral molecule. In 
addition, binary complexes of Hg and Si with racemic divalent 

40 negatively charged a-dihydrolipoate are described The structural 
descriptions served for investigation of the use of lipoic acid 
to treat heavy metal poisoning (J- Inorg. Nucl. Chem. 32 (1970), 
2671 to 2675). 

45 
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Bonomi et al . , describe a complex of Fe with racemic 
a-<iihydrolipoic acid for investigation of the use of 
dihydrolipoic acid for removing ferritin-bound iron (Biochemica 
et Biophysica Acta. 994 (1989), 180 to 186). 

in a further structural study, Strasdeit et al., describe 
complexes of Zn and Cd with monovalent negatively charged racemic 
a-lipoates, with two molecules of water being coordinated to the 
central atom (Z. Naturforsch. 52b (1997), 17 to 24). 

) The invention therefore relates to the novel metal a-lipoates, 
metal cx^iihydrolipoates or metal-o-lipoic acid complexes of the 
formula II ' , 



(M) w (Lp)x(A)y(H 2 0) 2 



II ' 



M is a monovalent to trivalent physiologically acceptable metal 
20 cation or a mixture of monovalent to trivalent 

physiologically acceptable metal cations, 

Lp is racemic a-lipoic acid or a-dihydrolipoic acid, (R)- or 
(S)-o-lipoic acid or (R)- or ( S ^-dihydrolipoic acid, 
25 racemic a-lipoate or dihydre-<x-lipoate or (R)- or 

( S)-<x-lipoate or (R)— or (S ,-^iihydro-a-lipoate, 

A is a physiologically acceptable monovalent or divalent anion, 
30 w is 1 or 2, 

x is 1, 2, 3 or 4, 

y is 0, 1, 2 or 3 and 

35 

z is 0, 1, 2, 3, 4, 5 or 6, 

where the subscripts « f x and y correspond to the valency and 
charge equalization and 

40 

the following compounds are excluded: 

Mn(Lip-)Cl0 4 , Cu(Lip-)Cl0 4 , Zn(Lip-)ClO< «^ Cl °i' 
Pb(Lip-)ClO«, Hg(Li Prac )(OH) 2 , Hg<DHW->, ' 
45 Fe 2 (DHL ra c 2 -)3, Zn (LipracD 2 ( H 2 0) 2 , Cd (Lx PrM -J 2 < H 2 0 ) 2 



QWCT-c; RrC^CPiq T?q £b+ 



cn H/Yfl7 HH -IPHPt 



o 
m 

Q 



20 



Lip- is monovalent negative racemic or (R)- or 
(S)-a— lipoate, 

Liprac" is monovalent negative racemic a-lipoate, 

Lip rac is racemic ct-lipoic acid and 

i DHL rac 2 - is divalent negative racemic o-dihydrolipoate. 

The compounds of the formula II' correspond, in the preferred 
embodiments also, except for the excluded compounds, to the 
compounds of the formula II described above. 

' The invention further relates to a preparation, in particular a 
mineral preparation or a drug preparation, comprising metal 
a-lipoates, metal a-dihydrolipoates or metal-<x-lipoic add 
complexes of the formula II'. 

A mineral preparation can comprise, for example, further mineral 
salts, formulation aids, for example fillers, dyes and, if 
appropriate, also vitamins or vitamin mixtures. The dosage of the 
individual components depends on the desired content, which can 
25 be a function, for example, of the recommended daily intake and 
depending on whether the mineral preparation is to be used, for 
example, as food supplement, food substitute or feed supplement. 

A drug preparation can comprise, for example, further active 
30 compounds and aids, for example fillers, preservatives, tablet 
disxntegrants, flow control agents, softeners, wetting agents, 
dispersants, emulsifiers, solvents, retarding aids or 
antioxidants, and also aids which are known per se for a 
parenteral or enteral application (see H. Sucker et al.,: 
35 Pharmazeutische Technologie (Pharmaceutical Technology], 
Thieme-Verlag, Stuttgart, 1991). 

The invention further relates to the use of the metal a-lipoates, 
metal a-dihydrolipoates or metal^x-lipoic acid complexes of the 
40 formula II as feed-stuff or food supplements. 

The compounds of the formula II, furthermore, represent in one 
an antioxidant activity and a supply of minerals. T 



They can 

source an antioxidant activity *nu a ^f-j — 

therefore also be used in cosmetic formulations 



45 
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Therefore", the invention further relates to the use of the 
compounds of the formula II in cosmetic formulations. 

The invention further relates to the metal a-lipoates, metal 
5 a-^ihydrolipoates or metal^-lipoic acid complexes of the formula 
II for use as drugs. 

The metal a-lipoates, metal a^iihydrolipoates or metal-<x-lipoie 
acid complexes of the formula II can be used for preparing a drug 
10 for treating disorders in which lipoic acid has a ^rapeutxc or 
prophylactic effect and there is a mineral salt deficiency. 

For example, a-lipoic acid, in particular (R)-a-lipoic acid acts 
as an insulin sensitizer in the prevention and therapy of 
15 diabetes mellitus. Furthermore, lipoic add is used 

therapeutically in diabetic polyneuropathy. Diabetics frequently 
have a mineral salt deficiency, in particular, a zinc deficiency. 

The metal a-lipoates, metal a-<lihydroli P oat eS or metal-o-lipoic 
20 acid complexes of the formula II can thus be used to 
treat diabetes, and furthermore for treating tumors, 
infections, AIDS , renal insufficiency, malnutrition, 
protein-energy malnutrition and mineral deficiencies. 

25 Mineral deficiencies can be caused, for example by malnutrition, 
unbalanced nutrition, drug intake, for example taking of 
diuretics, diarrhea, alcohol consumption, parenteral or enteral 
nutrition, trauma (OP) , loss of blood or "^-".^^ 
dietary constituents, for example phytate, dietary fibers, or 

30 excess oxalate or phosphate. 

The metal a-lipoates, metal c^ihydrolipoates or metal^-lipoic 
acid complexes of the formula II can be prepared in a manner 
vnown oer se, for example as in Siegel et al . , Archives of 
known per se, lot r , 1978 } paqes 20B to 214; Angew. 

35 Biochemistry and Biophysics 187 (1978) pages 

Chem 94 (1982), 421-432; P.R- Brown et al., J- Ihorg- nu 
Chem' 1970 2671 to 2675; Bonomi et al . , Biochemxca et 

Biophysicl Ita 994 ( 1989), 180 to 1.6 and Strasdeit et al . , Z. 
Naturforsch. 52b (1997), 17 to 24. 

crystallization. 



40 



have further advantages compared with customary inorganic mineral 
source3/ such as 

increasing the live weight gain and feed/nutrient intake by test 
5 subjects, in particular animals, 

increasing the mineral salt availability and mineral salt status, 
in particular increasing the mineral salt intake, increasing the 
absolute apparent absorption and apparent absorption of mineral 
10 salts, increasing the mineral salt deposition in femur tissue and 
the mineral salt concentration in the plasma, increasing alkaline 
phosphatase activity and increasing hepatic metallothionine 
concentration . 

15 The examples below illustrate the invention: 

Example 1 

Synthesis of Zn( (R)-a-lipoate) 2 (H 2 0) 2 

20 2.06 g (10 mmol) of (R)-a-lipoic acid were dissolved in 150 ml of 
methanol and at room temperature a solution of 0.4 g (10 mmol) of 
NaOH in 50 ml of water was added with stirring. 

1.49 g (5 mmol) of zinc nitrate were rapidly added to 150 ml of 
methanol to dissolve the sodium salt and the solution was stirred 

25 for a further two hours. 

The clear pale-yellow solution was transferred to a Petri dish. 
After evaporating off the solvent, a yellow precipitate was 
obtained which was carefully washed with water and toluene and 
dried overnight in a countercurrent nitrogen stream. 

30 The resulting zinc complex was analytically pure. 

Yield: 4.55 g (89% of theory) 

Melting point: 123°C 

iH-NMR/^C-NMR see Table 2, Table 3 and Fig. 3a ( l H) and 3b ( 13 C) 
35 IR(KBr) see Fig. 2 

Example 2 

Synthesis of Zn( (rac)-a-lipoate) 2 ( H 2 0) 2 

40 The synthesis was performed in a similar manner to Example 1 
using racemic a-lipoic acid. Yellow needles. 

Yield: 92% of theory 

Melting point: 112°C 
45 lH-NMR/ 13 C-NMR see Table 2, Table 3 
IR(KBr) see Fig. 1 
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The zn complexes of Examples 1 and 2 were also prepared starting 
from zinc acetate, zinc sulfate and zinc chloride and produced 
the compounds of Examples 1 and 2 in comparable yields and 
purities . 



Table 1 

13 C— NMR spectra (D 6 -DMSO, data in [ppm]) for Examples 1 and 2 




C atom No. 


Zn ( ( r ac ) -<x-l ipoate ) 2 
(H 2 0) 2 (Example 2) 


Zn( (R)-a-lipoate) 2 (H 2 0) 2 
(Example 1) 


1 


178 


17B 


2 


39 


39 


3 


25 


25 


4 


28 


28 


5 


37 


35 


6 


56 


56 


7 


34 


34 


8 


40 


40 



25 Table 2 

1 H— NMR spectra (D 6 -DMS0, data in [ppm]) for Examples 




H atom No. 


Zn ( ( rac )-a-lipoate ) 2 
(H z O) 2 (Example 2) 


Zn( (R)-a-lipoate) 2 (H 2 0) 2 
(Example 1) 


1.2 


3.15 (m) 


3.15 (m) 


3.4 


2.45 (m) 


2.45 (m) 


5 


3-65 (m) 


3.65 (m) 


6-11 


1-2 


1-2 


12 . 13 


2.05 (t) 


2.05 (t) 



45 
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Example 3 

Preparation of further metal (R)-a— lipoates 

The synthesis was performed in a similar manner to Example 1 
5 using differing mineral salts. The results are summarized in 
Table 3. 



Ex- 
ample 


Mineral salt 
used 


Color of the 
metal ( R)— ct-lipoate 


Yield of the metal 
(R)— a— lipoate 


3.1 


Fe(N0 3 ) 3 


light brown 


48% 


3.2 


Cu{N0 3 ) 2 


turquoise 


84% 


3-3 


Cr(N0 3 ) 3 


blue 


59% 


3.4 


MnCl 2 


beige 


60% 


3.5 


Co(N0 3 ) 2 


violet 


45% 


3.6 


Ca(OH) 2 


white 


68% 



II. Biological examples 

Bioavailability investigations of Zn( (R)-a-lipoate ) 2 ( H 2 0) 2 in rats 
compared with the bioavailability of zinc sulfate 



M 

P 



General conditions 

Zinc is generally better utilized from foods of animal origin 
than from plant products. The main reason for this is considered 
to be the higher phytic acid content (PA) in plant products. Zinc 
is the trace element whose bioavailability most markedly 
decreases with a high PA intake, phytic acid (PA) does not 
decrease the bioavailability of dietary zinc alone, but, to a 
great extent, Zn secreted endogenously is also removed from 
reabsorption. From a molar PA:Zn ratio > from 10 to 15 in the 
diet, under controlled conditions in rats, a reduced 2n 
bioavailability is to be expected. 



To take into account this effect of natural phytic acid content 
in feeds or foods, in the experimental diets, in addition to a 
PA-free diet, diets with supplemented PA were also used. 



NaPA hereinafter means sodium phytate, AAS is atomic absorption 
spectrometry, IM is initial mass, FW is fresh weight, HPLC is 
high performance liquid chromatography, 1CP-AES is inductively 
coupled plasma atomic emission spectrometry, LW is live weight, 
MT is metallothionin, n.d. is not detectable and PE is 
polyethylene. 
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Example 4 

Study 1: Bioavailability investigations of 
2n( (R)-a-lipoate) 2 (H20) 2 in rats 

S 4.1 Origin and housing conditions of the experimental animals 
and metabolic study procedure 

Male Albino rats (Wistar) of an initial weight of 40 g were 
used. The animals were kept during each 2 8 -day experimental 
10 period at a room temperature of 22°C, a relative humidity 

of approximately 55% and in a 12-hour light-dark cycle. The 
rats were housed individually in Makrolon cages with 
stainless steel bottoms which permitted controlled feed 
intake and quantitative collection of feces and urine. The 
15 feed was provided once a day at 3°°. The live mass of the 

n rats was determined weekly, feces and urine were collected 

3 every day at 10°° and 17°°. At the end of the experiment, 

& the rats were decapitated after chloroform anesthesia. 

20 4.2 Description of the diets and experimental design 

!! yi To achieve defined mineral salt concentrations and PA 

iU concentrations, an experimental diet was prepared on the 

basis of high-purity individual components (Table 4), which 
2S was used to feed the zinc lipoate Zn ( ( R)-a-lipoate ) 2 ( H 2 0 ) 2 

□ from Example 1 and PA. 

m 

□ Minerals, trace elements and vitamins were supplemented on 
M- the basis of NRC recommendations (1978). No account was 

30 taken of the native vitamin contents of the individual 

components. To avoid any amino acid imbalances owing to the 
high content of sulfur amino acids in egg white protein, 
synthetic I^lysine was supplemented. 
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Component 


g/kg 


Corn starch 


477 


Egg white protean 


200 


Sucrose 


100 


Soybean oil 


70 


Cellulose 


30 


L—lysine HCl 


3 


M-inP.ral premix 1 ) 


100 


r Vitamin premix 2 ) I ^ u 



H Mineral premix (quantities per. kg of diet) 

™£* of CaHP0 4 • 2 H 2 0 high purity; 6.6B KH 2 P0 4 high 

J 5 07 a MgS0 4 -7 H 2 0 high purity; 4.43 g of CaC0 3 
T Z 1 ouri^ ?'.«7 g of ,aCl high purity 1-22 g of «a 2 C0 3 
h p Si 2.B.SB mg of ,eS0 4 ■ 7 H 2 0 of analytical 
purity- 184.59 mg of MnSo 4 • H 2 0 of analytical purity; 
B7 99 ^g of ZnS0 4 ■ 7 H 2 0 of analytical purity; 7.50 mg 
of CuS0 4 • 5 H 2 0 of analytical purity; 4.41 mg o f 
Cr(CH 3 COO) 3 of analytical purity; 2.38 mg of CoS0 4 7 H 2 0 
of analytical purity; 2.21 mg of NaF of analytical 

r " 33 mg of N a 2 se0 3 - 5 H 2 0 of analytical purity; 
0 sTl, of KI of analytical purity; 0,25 mg »a 2 »o0 4 • 
2 H 2 0 of analytical purity. 

2) Vitamin premix (quantities per kg of diet) 
' , 9 of retinol; 0.025 mg of cholecalcif ero ; 100 mg of 
0,1^-tocopheryl acetate; 5 mg of menadione; 30 mg of 
ascorbic acid; 8 mg of thiamine mononitrate; 10 mg of 
riboflavin; 10 mg of pyridoxin; 40 mg of niacin; 30 mg of 
Ca-D-pantothenate; 3 mg of folic acid; 10 mg of 

chloride 
+4°C. 

Table 5 shows the experimental design. 6 rats are used per 
Table :> snow* r administered ad 

experimental group. The mealy diets were 
lib. The amount of added zinc in the form of the zinc 



'ZZ 'S 8££Z£09 T29 6f+ 



93 a/xaz 9b dSba 



t>0:£T T00S--|Df-£0 



lipoate Z n((K)—lipoate)- 2 (H 2 0) 2 is 10 mg/kg of feed 
(groups 1 and 2) and 20 mg/kg of feed (group 3). By 
partially replacing the corn starch by 0.4% by weight in 
the foL of La, molar PA:Zn ratios of 19-8:1 «d 39.6:1 
vere established. The control group (group 1) received the 
PA— free base diet- 



Number of 
animals 
[n] 



Amount of Zn as 

Zn lipoate 
[mg/kg] of diet 



10 



(% by 
weight) 



_L 



0.4 
0.4 



PA:2n 
(molar) 



19.8 



K-ioavailability parameters - production and 
4 3 Measuring the bioavaiiaoiin-j v 

preparation of the analytical material 

4 3 1 Fecal and urine samples 

The amounts of feces and urine produced separately in the 
metallic cages are collected quantitatively every day and 
stored at -22o C . To avoid any losses of N m the urine 
Election vessels, 1 ml of 20% strength HCl (Suprapur) is 
a^ed to each of the vessels daily. For further analysis, 
the sample material is freeze-dried for 4 8 h. 

4 - 3 " 2 rri£ --and testes are removed immediately 

after decapitation and complete exsanguination of the 

analysis. 

4-3 ' 3 Z't^ «. decapitated « the end of the experiment after 
T! »„.„,<« with chloroform and the blood collected 

5 introduced per ml of blood. 

immediately after sampling, the blood samples are 
centrifuged for 15 minutes at 16000 g and the plasma is 
pipetted into 2 ml test tubes. The .ample, were stored at 
5 _80°C until further analysis. 
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4 4 Preparation of the ash solutions and Zn determination 

The samples of diet, feces, urine and tissue are dry-ashed 
exclusively. The glassware used is cleaned with 20% 
strength HN0 3 (analytical grade) before use and rinsed 
repeatedly with twice-distilled water. The quartz crucibles 
are preignited overnight at 750°C in a muffle furnace. 

The samples are dry-ashed for 18 h at 4 50°C. 

After ashing, 3M HCl (Suprapur) added to the samples, which 
are covered with a watch glass and heated for 10 minutes on 
a boiling water bath. The volumes of acid added depend on 
the amount of ash solutions to be prepared which in each 
case should be in a final concentration of 0.3 H. After 
cooling, the samples are filtered with hot twice-distilled 
water through an ash-free round filter into a volumetric 
flask with a ground glass joint. Incompletely ashed samples 
are kept in polyethylene bottles until further analysis. 

Zinc is determined by means of atomic absorption 
spectrophotometry (AAS) in an acetylene flame. 

4.5 Diagnosis of zinc status 

4 5 1 Determination of the plasma zinc concentration 

The plasma zinc concentration is measured directly m the 
flame by means of AAS (Philips, PIJ 9400). The samples are 
diluted with 0.1 M HCl in a ratio of 1:20 (v/v). 

,452 Determination of the free zinc binding capacity 

The percentage free zinc binding capacity is determined by 
the method of KINCAID and CRONRATH (J. Dairy Sex- 62 (1979) 
120 1474-1479) in the modification by ROTH and 
KIRCHGESSNER (Res. Exp. Med. 177 (1980), 213-219). To use 
the limited volume of plasma effectively, the indxvxdual 
working steps are changed as follows: to 0.4 ml of plasma 
is added the same volume of a ZnCl 2 solution (5 ug Zn/ml) 
(saturation of free Zn binding positions of the plasma 
proteins). To precipitate the excess non- P rotexn-bound 

5 zinc 40 mg of basic magnesium carbonate are added. After 
centrifuging the samples, 0.4 ml of the ^-saturated plasma 
in the supernatant is pipetted off and 0.6 ml of 0.1 M HCl 
is added. Zn is determined by AAS directly in the flame. 
The free Zn binding capacity is calculated from the 

5 difference between the Zn content of the saturated plasma 

and untreated plasma, with the Zn concentration of the 
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saturated plasma being used as a basis for the reference 
parameter . 

4.5.3 Determination of alkaline phosphatase activity 

5 The activity of the Zn metalloenzyme alkaline phosphatase 

{EC 3 1 3.1) is determined, using the individual 
chemicals diethanolamine buffer and p-nitrophenyl 
phosphate, under the recordations of the DEUTSCHE 
10 GESELLSCHAFT FUR KLIHISCHE CHEMIE (Z. Klin. Chem. u. klxn. 

Biochem. 10 (1972), 191): 
AP catalyzes the following reaction: 

p- N itrophenylphos P hat + H 2 0 p-Nitrophenol + Pi 

'? The enzyme activity is measured kinetically on a 

m The enzym e i f 4Q5 ^ and 2 5<>C using a 

m semimicroscale at a wavele g ^ & 

UV spectrophotometer. ah series a " ai i 
H 20 serum having values in the normal physiological range. 

s 0 

lU comparison Example 1 

W Study 2: Bioavailability of ZnSO, in rats 

□ UP r P carried and evaluated in a similar manner to 

q 25 The experiments were Table 6 shov/s the experimental 

D Example us, g nSO as Zn - group _ The mealy diets 

^^theP^free 

base diet. 



35 Table 6 



40 


Group 
4 


Number of 
animals 

[n] 
6 


Amount of Zn as 
ZnS0 4 
[mg/kg]diet 

10 
10 


PA 
(% by 
weight) 

0.4 


PA:Zn 
(molar) 

39.6 : 1 


45 


5 
6 


6 
6 


20 


0.4 


19-8 : 1 • 
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Valuation of the «•«!« fro, E^ple 4 (Study 1, and C-p.i- 

Example 1 (Study 2) 

less Trolly expressed at an addition rate of 20 -g of Zn/X, of 
feed than at a dosage of 10 mg/kg. 

in the direct comparison of Zn lipcate (Example 4) and zinc 
of zinc lipoate. 

» The apparent absorption and retention of Sn fron zinc Upoate i. 
increased at both dosages. 

• •! m , nner to the apparent Zn absorption and retention, 
in a similar manner to the app ^ ved by Zn 

vari ous Zn •""VP"^^ 0 ^^ " Zn concentration, free 
and liver Zn concentration. 

t Z ln Uared with *inc sulfate, which documents an 

ft increased bioavailability. 

t Example 5 and Comparison Example 2 Zn r) -a-Lipoat ) 2 _ 

35 initial weight of 47.0 s specified in Table 1 

,roups each of 6 £ / perio d of 2 B days. 

available to the experimental annals a col i ect ed 

Sr the ani/als were decapitated under C0 2 - anesthesia, 
4S exsanguinated and the tissue to be analyzed was removed. 
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Groups lb, lib and nib here are Example 5, while Groups la, Ha 
and Ilia are Comparison Example 2. 



Group 


No. of 
animals 


Zn 

(mg/kg) 


Zn compound 


Phytic acid 
(0.4% as NaPA) 


la 


6 


10 


Zn sulfate 




lb 


6 




Zn lipoate 




Ha 


6 


10 


Zn sulfate 


+ 


lib 


6 


10 


Zn lipoate 


+ 


Ilia 


6 


20 


Zn sulfate 




Illb 


6 


20 


Zn lipoate 


+ 



1 = 36 



Parameters used to estimate Zn availability were the 
0 25 parameters feed intake, liv. wight deve opment and 

Si n upSnht increase, apparent Zn absorption, alkaline 

S and Ltallothicnin concentration in live, tissue. 

5.2 Experimental diets 



hich-purity co-ponents (corn starch, e„ alburn prote n 

sucrose, soybean oil and cellulose) over a period of 2! days (see 

P A from NaPA. Sig-a-Aldrich. Steinheim) (see Table 7). 

a ,ro ra 7nf rR1-a-Lipoat) 2 (H 2 0)2 from Example 1 

„ = under test in the suboptinmn, supply range. The currently 

" blended allowances of the ™ C» S cx L for gWl „, 
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laboratory rats are 12 mg of Zn per kg of diet (NRC 1995), 
provided that the diet does not contain phytate. 



Table 8 



5 



Component 




Corn starch 




Egg albumin protein 






100 


Sucrose 


Soybean oil 


70 


Cellulose 


30 


L-lysine HC1 


3 


Mineral premix ^ 


100 


Vitamin premix 


20 




1000 



1 » ^^mrr^i^ 

S 2 21 «. '...» - 2 s e03 . » .,0, 0.52 *g 1, O.SO „ 

30 NaMoOa . 2 H 2 0 

vn of diet^ : 4500 IU Vitamin A; 
a, vitamin pr«i« < ^""^ . ^ " " 9 mo of Menadione; 30 „ 

1100 IU Vitamin D 3 ; B0 IU Vitamin i r 

„ ascorbic acid; 6 .g of thiamin; 7 „g of riboflavin; 7 ttg of 
35 ovxidoxin: 0.03 » 9 of "balamin; 0.25 mg of bxotm, -5 •» 
" f£ a "d; 35 »g of nicotinic .cid, 20 m g of P»^»« *" di 

UOO n,g of choline chloride: 100 »g of xnosiwl, 10 »9 of 

p-aminoben2oic acid 

40 Except for the specified sn step of 10 »g/*g of diet t h e 

C ^„ahf-a£ter diet concentrations of minerals (Table y. 

ni:"" co M «tr.tio.. 0£ -™ r a :n ; 

o£ experimental diets ^^^r^.^.^Ti^r 

„ trre"^ i: : - — ~ — - — 
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laboratory rats (NRC 19 95) and may therefore be estimated as 
reliably covering requirements. 

Table 9 shows the sought-after concentrations of major and trace 
5 elements of the experimental diets and recommendations of the NRC 
for growing laboratory rats (NRC 1995) 

Table 9: 





Sought-after 


NRC 




Sought-after 


NRC 


Major elements 


(g/kg) 


(glkg) 


Trace elements 


mg/kg 


(mg/kg) 


Calcium 


7.0 


5.0 


Iron 


60 


35 


Phosphorus 


4.5 


3.0 


Manganese 


20 


10 


Magnesium 


0.6 


0.5 


Zinc 


10/20 


12 



5.3 Analytical methods 



*9 20 5 . 3.1 Analysis of diets 

'""-4 Dr y matter and crude nutrients (crude protein, crude fat, crude 

Jp fiber, crude ash) were determined according to the provisions of 

I* the VDLUFA-Methodenbuch zur chemischen Untersuchung von 

| w Futtermitteln [VDLUFA Methods for Chemical Analysis of 

n 25 Feedstuff s] (Naumahk. C; Bassles, R. ( 1997): Method Manual volume 

C| in. Die chemische Untersuchung von Futtermitteln (Chemical 

Q Analysis of Feedstuffs), 4th supplement VDLUFA Verlag, 

jj] Darmstadt) . The gross energy content of the experimental diets 

O was determined using an adiabatic bomb calorimeter ( IKA 

^ 30 calorimeter C400, Jahnke und Kunkel, Staufen) . 

Phytic acid concentration was determined quantitatively in the 
experimental diets by means of HPLC using the method of Neusseb and 
Pallauf (Neusser, H.; Pallauf, J. (1988): Bestimmung von Phytinsaure in 
35 Futtermitteln und Faeces mittels Hochdruckf liissigkeits- 

Chromatographie [Determination of Phytic Acid in Feeds and feces 
using High-pressure Liquid Chromatography]. J. Anim. Physiol, 
a. Anim. Nutr. 60, 20.). 

40 The diet samples were ashed using the dry ashing method. In this 
case the organic matrix was thermally decomposed and completely 
mineralized. The number of ashed parallel samples per diet was 
n = 2. The ash residue was brought into solution by addition of 
acid and was then quantitatively analyzed. The concentrations of^ 

45 Ca, Mg, P, Fe and Mn in the diets were determined using ICP-AES 
(PU 701, Unicam, Kassel), Zn concentrations were determined by 
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flame AAS |tfhilips, PU 9100, Kassel). The analyst** wsrs confirmed 
by standard addition. 

5.3-2 Zn concentration in the femur 
5 The ash solution* v KL c prepared by the principie ot wet ashing. 
The sample material was admixed with 10 ml of 65* strength HNOj 
(Merck, Suprapur) and then boiled under a reflux wutlenser in c 
digestion apparatus (Gerhardt SMA-20, Ronn). This oxidatively 
degraded the oryemie matrix and completely mineralized the teet 
10 material. Th« Zn concentration wac determined in the ash 
solutions by flame-AAS (Philips, PU 9400, k«ssk1). 

b.3.3 Analysis u£ the fecal samples 

During Lhe two-week metabolism phase, the lc.1 feces wsre 
15 collected daily, adherent feed residues and other impuritiee were 
removed and the samples were stored at -20°C. At the end of the 
iueiabol ism period the fecal weight was determine quantitatively 
and feces were then freeze-dr i ntl under vacuum over a period of 
48 h (Gamma 1-20, ChrisL, Osterode). The dried samples were 
20 finely ground using a domestic grinder (Mouliuett* electronic 
8 9902) ana scored at ambient temjiera f.ure in ?E bottles. 

A sample aliquot of 1.5 g of the f reeze-drieri »nt\ yiuund fecal 
samples was dried for 21 h sr. 105 C C Lo remove residual water and 
25 then ashed in a muffle furnace at 45U°C for 21 h. The ash residue 
was dissolved by acid addition and then analysed quantitatively. 
The 2n concentration in the fecal samples was determined by 
flame-AAS (fhilips, PU 9<ino, Kassel). 

30 5.?. 4 Diagnosis ot Zn status 

Zn absorption was c-alcnl «t\ed, without takmq into account 
endogenous IrvrI as a difference between element absurpi ion «nd 
fnc:<il excretion f- apparent absorpziuu) . Plasma 2n concentration 
was determined by aas (Philips, PU 9400, Kaseel) . The samples 

Jb were diluted «.iih 0.1 H DC1 in a ratio of 1 : 20 (v/v). The 

activity of the Zn mctalloanzyme alkaline: phosphatase (AP> (B.C. 
Vl.D.l) was assayed using the individual chemicals 
dicthanolamine buffer rt nd p-nitrophenyi phoephate according tu 
the recommendations of the Dsutscue Sbsellschaft »-0k mmsf»'. Coit 

40 [Germ* u Clinical Chemistry society) (Dshtsois Gesellsckatt rim klihigche 
Chzmic btandardmethude 7.nr Bestimmung der Aktivitat der 

alkalischen Shos^hatase (AP) [Standard Method for DHtHimining 
Alkaline Phosphatase (AP) Activity]. Z . klin. Chem. u. kiin. 
Biochemie. 10, 191). 
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5.3.5 Metfll lothionin in liver tissue 

Total MT concentration in liver tissue was determined using the 
cadmium- binding method oC Eaton and Tow, (Eatoh, D. L., Toal, e. f. 
(19A2): Evaluation of the cadmium/ hemoglobin affinity assay Cui 
5 the rapid determination of metallothionpi n in biological tissues. 
Toxicol. Appl. Pharmacol. 66, 134-142) in a modification tested 
at the Giess^n Institute (Leuketit, v. (1994): EinfluJ3 von Sink 
sowj.fi fetalem Kaloerserum, bovinem Sennnalbumin und 
calciummobilisierenden Rezeptoragonisten auf Metailothioncin in 
10 primar kultiviert*» Rattenhepatocyten [Effect of zinc and fecal 
calf serum, bovine serum albumin and calcium- inunobiD iring 
receptor agonists on metallothionin in primary cultivations of 



rat hepatocytce ) - 



dissertation at the Institu- fur 



•rierernahruny un.i Ernahrungs-pnysiologie [ Inst j t-.utH uf Animal 
Nutrition and Nutritional ?hy« i >>1 nyy ) of the Univeraity of 
Cicesen, Verlaq Shaker, Aachen, PM.tAur ct al. 1993). The protein 
content in l.ivnr homogenatcs was determined using the Lowry-Folin 
J meLhod (Dww, O.C.; tsu.vm. D C ; .7,,***. X.M. ,1035) ; Data tor 

111 biochemical research, 3 rd ed.. Clarendon Press, New York, 543} . 

O 5.3.5 statistical analysis 

: %1 Descriptive treatment and yi/aphical plottmq of the data material 

O waE carried out using the spreadsheet program Microsoft Excel 

ff| 2000. Statistical analysis of the wp«rimental results was 

O 25 performed using SPSS (Statistical Package tor the Social 

U sciences) for windows (Version 10. U) and inclined testing for 

normal distribution (Koliioccrou-Smipno«- mid SaAPiRo-WiLxa Test) and 
variance homogsniety (Lev?** Test) and the single-f actot vsii*ncf> 
analysis (0»tmay pmuedure) with subsequent test foi- significance 
30 of mean differences using twey-hsd. The level of significance was 
s«t aL 5% (p < 0.05). in the absence of variance homogeneity, 
significance of mean differences wae tested using the Gwibs Bohiu 
Teet . 

35 The results listed in the tables give the group mean (M) and the 
standard deviation (3D) of the individual values. Significant 
mean differences were indicated by different superscripts. 

5.4. Results 

10 

5.4.1 Experimental diets 

The experimentally determined contcnte of crud* nutrients and the 
gross energy of the experimental diets ar R listed in Table 10. 
All diets, within the ueual ranges of variation, had constable 
05 contents of dry matter, crude protein, crude f*t, crude fiber and 
gross energy. The inr.rsase in crude ash intent in diets Ha - 
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Illb is due to the supply of phosphorus because of PA 
supplementation . 



Experimental Diets la - Iirb 



Dry matter 


(%oflM) 


91.6 


±0.13 


Crude protein 


(%ofIM) 


16.7 


±0.06 


Crude fat 


(%ofIM) 


7.16 


-0.02 


Crude fiber 


(%ofIM) 


5.21 


±0.48 


Crude ash (diets la, lb) 


(% of IM) 


4.31 


= 0.02 


Crude ash (diets Ila-IIIb) 


(%ofIM) 


4.85 


±0.07 


Gross energy 


(U/g of IM) 


17.8 


±0.19 



20 The mineral concentrations in the experimental diets are shown in 
Table 11. The element concentrations conformed within analytical 
variation. There was adequate agreement with the target values. 
Higher phosphorus contents in diets Ha - Illb were due to PA 
supplementation of 0.4%. 



Table 11 



Diet 


Ca 


Mg 


P 


Fe 


Zn 


Mn 


(g/*S) 


(g/kg) 


(g/kg) 


(mg/kg) 


(nig/kg) 


(mg/kg) 


la 


6.93 


0.75 


4.78 


53.7 


12.1 


21.2 


lb 


6.99 


0.89 


4.81 


71.2 


10.2 


18.4 


Ila 


7.20 


0.92 


5.92 


69.2 


10.4 


19.9 


lib 


7.40 


0.91 


6.04 


67.9 


9.93 


20.9 


Ilia 


7.44 


0.81 


6.20 


78.2 


19.9 


20.0 


Illb 


7.09 


0.92 


6.07 


62.8 


21.1 


16.2 



Zn ratios and 



The phytic acid contents determined, molar PA: 
PA x Ca : Zn ratios of the experimental diets are shown in Table 
40 12. The PA concentrations corresponded to the expected values and 
conformed within analytical variation. 
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26 



Diet PA PA:Zn PAxCa:Zn 

(%) (molar) (molar) 

la n-d. 

Ib n.d. 

Iia 0.40 38.7 6.96 

lib 0.39 38.4 7.11 

Ula 0.41 20.4 3.79 

IHb 0.40 18.9 3.35 



5.4.2 Zootechnical parameters 
15 The mean weekly feed intake and total feed intake during the 
28-day experimental period are shown in Table 13. When 
13 PA-containing diets having a low Zn level (groups Iia and lib) 

5 were fed, significantly lower total feed intake was observed 

% compared with groups la and Ib and Ilia and nib. An increase 

20 owing to Zn-lipoate feeding was observed. 

ifj 

jy The lowest growth of rats was observed when PA-contain ing diets 

m having low Zn concentrations were fed (groups Iia and lib) (Table 

14). Not only offering PA-free diets having a low Zn level 
° 25 (groups la and Ib) but also offering PA-containing diets having 
i relatively high Zn concentration (groups Ilia and Illb) resulted 

O in a significantly improved live weight gain. In addition, in 

j~ each case an increase in live weight gain was observed due to Zn 

y, lipoate compared with Zn sulfate. 

30 Table 13 shows the feed intake per week (g) and total feed intake 
(g/28d) of growing rats with addition of Zn sulfate, Zn lipoate 
and phytic acid (PA) (n = 6 x 6). Different superscripts within a 
column indicate significant differences of at least p < 0.05 

35 (Tukey-HSD), different superscripts shown in italics within a 
column show significant differences of at least p < 0.05 (Games 
Howell ) 
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Table 13 



10 



15 



Group 




di-d 7 


Feed Intake 
dg-d 14 di5-d2i 


<*22 - ^28 


Total 


U, lOppm Zn (Sulfate) 


M 


40.4 ab 


67.8 bc 


77.5 bc 


86.6 b 


272 b 




SD 


=20.9 


±12.9 


±12.4 


=6.93 


±50.7 


lb, 10 ppm Zn (Lipoate) 


M 


54.9 ab 


78.7 c 


86.9 c 


86.5 b 


307 b 




SD 


sll.8 


±5.82 


±5.27 


±5.20 


±17.4 


Ita. lOppmZ^(Sulfaic) + PA 


M 


37.4 a 


42.3 a 


40.5 


45.3 a 


166 a 




SD 


= 11.3 




±4.40 


±7.30 


=25.2 


lib, 10 ppm Zn (Lipoate) + PA 


M 


39.5 ab 


46.5 a 


48.2 3 


51.3 a 


186 a 




SD 


±14.3 


±4.49 


±6.17 


=4.18 


=20.8 


Ilia. 20 ppm Zn (Sulfaic) + PA 


M 


49.6 ab 


61.0 b 


67.9 b 


74.8 b 


253 b 




SD 


±15.9 


±7.75 


±10.2 


=10.6 


±38.2 


Hlb. 20 ppm Zn (Lipoate) + PA 




60.0 b 


77.3 c 


79.2 bc 


83.5 b 


300 b 




SD 


±3.86 


±6.63 


±8.25 


±6.76 


±22.5 



Table 14 shows the changes in live weight and live weight gains 
of growing rats with supply of Zn sulfate, Zn lipoate and phytic 
acid (PA) (n = 6 x 6). Different superscripts within a column 
indicate significant differences o£ at least p < 0.05 
(Tukey-HSD) , different superscripts shown in italics within a 
column show significant differences of at least p < 0.05 (Gaines 
Howell) . 



Table 14 



30 



35 



40 



45 



Group 




d0 


d 7 


Live Weight (g) 
di4 d2i 


■ ^28 


LW Gain 


la. 10 ppm Zn (Sulfate) 


M 


47.3 x 


58.1 ab 


104.2 ab 


141.3 bc 


175.8 bc 


12S.5 bc 




SD 


±3.38 


=20.5 


±21.5 


±21.5 


±17.4 


=20.0 


lb. 10 ppm Zn (Lipoate) 


M 


47.1 


75.6 ab 


122,5 b 


159.2 c 


185.8 c 


138.7 c 




SD 


=3.01 


=8.96 


=8.36 


±7.63 


±7.22 


=7.68 


Ila. 10 ppm Zn (Sulfate) + PA 


M 


45.8 


62.0 a 


84.6° 


94.2 a 


106.5 a 


60.7 a 




SD 


=2.78 


=5.47 


±13.2 


±13.7 


±15.4 


=13.4 


lib, 1 0 ppm Zn (Lipoate) + PA 


M 


47.2 


60.0 ab 


82.5 a 


99.1 a 


114.2 3 


67.0 a 




SD 


±2.52 


±14.3 


= 11.2 


=10.4 


=8.39 


±6.31 


Ilia, 20 ppm Zn (Sulfate) •* PA 


M 


47.2 


68.4 ab 


102.4 ah 


132.3 b 


161.9 b 


114.7 b 




SD 


±2.49 


±15.9 


±12.1 


±14.7 


= 14.9 


=15.4 


lllb, 20 ppm Zn (Lipoate) + 


M 


47.3 


77.9 b 


119.1 b 


147.4 bc 


173.2 bc 


125.9 bc 


PA 


SD 


±2.36 


±4.57 


=9.00 


±12.3 


±11.4 


±10.4 
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5.4.3 Parameters of zinc avai^bility and zinc status 

« ' — ficanUy lewer than Zn intake o£ 9-ups I. and lb (Table 

5 ^when t„e dietary «» eventration was increased to 20 _ per 

" SUP f ' in,"! 1 , a h igh Z n level „. „/* c £ diet, 

Zn lipoate supplementation. 

l^ntation fecal Zn excretion of groups 
la, lb, Ila and lib «as at ^ sig „if ieantly higher 

oflo £lg «an sroup. navi„ g a lower zn level. 

The absolve apparent »^™« t Z'™ Zol,l\7^ 
2 „ x. 3 5 d for the ra s PA ^ ^ ^ 

lb) (Table 15). When 0.4% PA «« " d „_, 46 /14 d 

was seen, when the Zn leve t ^ o ^ ^ increase 

lipoate (1.60 mg/14 d) - 
30 In th . case of ,-ps xa and f J--^ ^ ^ 

Ila to group Hb was found and from group 
owing to the Zn lipoate supplementation. 

Xabl e 15 shows the i^^^«\^ t ^ D it r o d „ Sulfate, Z n 
40 absorption of zinc of growing r.« on sUperscripts 
iipoate and phytic acid (PA) £ X ferenceS of at lea st 

within a column indicate significant italics 
p < 0.05 (Tukey-HSD), -"^V^dlS.ranc.. of at least 
within a column indicate significant differences 

45 p < 0.05 (Games Howell) 
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Table 15 



Group 



la, 10 ppm Zn (Sulfaic) 

lb. 10 ppm Zn(Lipoate) 

lb, 10 ppm Zn (Sulfate) + PA 

lib. 10 ppm Zn(Upo>ie) + PA 

Ilia. 20 ppm Zn (Sulfa'e) + PA 

[lib. 20 ppm Zn (Upoaic) + PA 



20 





Intake 


Fecal 


Apparent 


Apparent 




excretion 


absorption 


absorption 




(mg/14 d) 


(mg/14 d) 


(mg/14 d) 


(%) 


M 


1.76 b 


0.411 a 


1.35 bc 


76.4 b 


SD 


±0.305 


-0.122 


±0.280 


=7.33 


M 


1.68 b 


0.445 a 


1.24 b 


73.6 b 


SD 


-0.106 


2:0.080 


±0.092 


±4.11 


M 


0.836 a 


0.484 a 


0.351 3 


43.0 a 


SD 


±0.146 


=0.162 


±0-038 


±8.66 


M 


0.941 a 


0.494 a 


0.446 a 


47.3 a 


SD 


=0.099 


=0.059 


±0.078 


±5.23 


M 


2.57 c 


1.43 


1.13 


43.9 a 


SD 


±0.334 


±0.170 


±0.219 


=4.63 


M 


3.30 d 


1.71 b 


1.60 c 


48.4 a 


SD 


=0.308 


±0.231 


±0.199 


±4.55 



offered (groups la and lb), a n g r addition of 

_ - ra + c; was found (Tauie io| • -""^ 

25 TZ%TZlull X «d lib,, in contrast, . dr..*!. and 

Zn incorporation into the femur tissue. 

comparable results were also found ^ ^ " ^"e^len 

0 - - » — ; - ^.nSS--^ £ r^. values 
llTTn ^^L. I concentration — to 

40 20 mg per kg of diet. 

Comparable chances -ere ^^J^^ ^ 
phosphatase actm ty» Pl«- ^ o(£ered , de5pite the 

Z„-dependent enzyme vhen PS free a wherea s when 

« *~ " — dd : d ^;ici ^--r^ i. 
°„r.n a :ttv* >i iz. » — - 
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30 

m „ npr ka of diet, an increase in enzyme activity 
5 ^ o f « n Upoate and phytic (»*) (- - 

".^-^ -- hin * coi T SD f dicate si9ni£icant 

p lMQt d < 0.05 (Tukey-HSD) 
differences of at least p ^ u.v^ i 



10 Table 16 




in all groups (I- 11 ana 1U) cr ,, irce was Zn lipoate and 

hepatic MT concentration, when the Zn source was 

35 not 2n£0 4 . 

acid (PA) (n = 6 x 6) - 



45 
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Table 17 

Group 

5 

U, lOppm Zn (Sulfate) 

lb, 10 ppm Zn(LipoilE) 

10 Mi, 10 ppm Zn (Sulfate) + PA 

lib, lOppm Zn (Lipoaie) + PA 

15 IIIa.20ppmZn(Sutrolc) + PA 

Ulb,20ppmZr(UpoalO + P A 

20 



Metallothionin 
( ne MT/mg Protein) 


M 


8.08 


SD 


*2.71 


M 


S.32 


SD 


±4.16 


M 


6.36 


SD 




M 


7.94 


SD 


£ 2.29 


M 


7.58 


SD 


±3.15 


M 


S.71 


SD 


-6.46 
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